Abstract-Since the first electronic computers hit the market in the 1950's, governments have been amongst the biggest users of Information Technology (IT) worldwide. Therefore, it is in the general public's best interests that government officials are provided with concepts, methods and tools that help them to optimise the results yielded by IT investments. This paper presents a method that identifies the best implementation order for a portfolio of IT projects that has been broken down into a large number of subprojects. The method builds on previous proposals by providing a framework that properly considers the intangible benefits that are a matter of common concern in the public sector.
I. INTRODUCTION
Because free elections have to be carried out from time to time in democratic nations, the government in power is likely to be sensitive to people's wishes and desires [1] . Also, as "having more for less" seems to be a common desire amount voters, government officials and representatives are often under considerable pressure to reduce spending and yet provide quality services for all [2] .
Moreover, since the first commercial electronic computers became available in 1950s, information technology (IT) has been successfully used to reduce costs and increase efficiency in organizations of all kinds and sizes. Therefore, it should come as no surprise that democratic governments are consistently ranked amongst the biggest users of IT worldwide [3] , [4] .
Note that the IT budget tends to be substancial when compared with those of other organizational functions [5] . Therefore, in the last few decades researchers and practitioners have provided a considerable body of proposals on how to maximize the returns yielded by IT investments [6] . Nevertheless, the majority of these studies have targeted companies and corporations in the private sector and, in a few cases, a mix of public and private enterprises [7] , [8] .
Clearly public and private organizations have distinct differences in terms of objectives, management structure and governance [9] . It would be ingenuous to blindly apply the concepts, methods and techniques developed to better manage IT investments in the private sector to the public sector [10] .
This paper presents a method that identifies the best implementation order for a portfolio of IT projects that has been divided into a large number of subprojects. The method considers the intangible benefits yielded by IT, which are a matter of common concern in the public sector. At the same time it does not disregard the financial aspects of investments made at the taxpayer's expense.
The remainder of this paper is organized as follows. Section II presents a review of the principal concepts and techniques used in the subsequent sections. Section III introduces the method with the help of an example inspired on real life. Section IV formalizes the method presented in this paper. Section V compares the method with other possible alternatives. Finally, Section VI presents the conclusions of this paper. Very strong An element is favoured very strongly over another 9
II. CONCEPTUAL FRAMEWORK

A. Decisions Based upon Intangibles
Extreme importance
The evidence favouring one element over another is of the highest possible order of affirmation 2, 4, 6, 8 Intermediate values
Should be used when compromise is needed the other hand, if it is A 1 that is slightly favored over A 2 regarding C, then a 2,1 = 1 3 and, as a consequence, a 1,2 = 3.
All of this leads to the construction of a matrix in which all of its main diagonal entries are 1s, because when compared to itself every element A i is always equally important. Also, every component a i,j in the off-diagonal lower and upper triangular parts of V n×n is either drawn from the scale introduced in Table II or is the inverse of a i,j .
According to [14] the importance of each element A i , when compared to the other elements under analysis, is given by the component e i of the normalized principal eigenvector E = (e 1 , · · · , e i , · · · , e n )
T of the valuation matrix V n×n . By normalized it is meant that ∑ n i=1 e i = 1. As e i is actually an indicator of the importance of A i , for the remainder of this paper e i is referred to as the relative importance index of A i or RII(A i ). See Larson [15] for a comprehensive introduction to eigenvalues and eigenvetors.
Because Saaty's valuation method frequently relies upon perceptions of reality, it is not unusual that some valuation matrices present inconsistencies. For example, consider that A i is strongly favored over A j , which in turn is strongly favored over A k . Nevertheless, inadvertently let A k be strongly favored over A i . As this contradicts the usual notion of transitivity, the previous statement actually introduces an inconsistency in the evaluation of A i , A j and A k .
Inconsistencies in valuation matrices can be detected with the consistency ratio (CR). For a given valuation matrix V n×n that has λ max as its main eigenvalue
where CI, the consistency index, is given by λmax−n n−1 , and RI, the random index, is drawn from Table III in accordance with n.
According to [16] , for 3 × 3 matrices if CR ≥ 5%, then the inconsistencies should be resolved. For 4 × 4 matrices the threshold is 9%, and for 5 × 5 and larger matrices the threshold is 10%,
B. The Method's Statistical Foundation
Let n be the number of subprojects that a portfolio of IT projects has been divided into. In these circumstances the number of different possible implementation sequences for the subprojects in the portfolio tends to grow exponentially with n. Therefore, as n grows larger, one will inevitably find oneself in a difficult position to determine the implementation sequence that maximizes a given performance indicator N [17] .
Nevertheless, according to Kolmogoroff [18] , [19] it is possible to establish a confidence interval around the empirical density function (edf) of any continuous random variable, with an arbitrary degree of confidence. In this section, Kolmogorov's ideas along with related results obtained by others [20] , [21] are used to lay down the statistical foundations of an approximation method that identifies that best implementation order of a portfolio of IT projects that has been divided into a large number of subprojects. First, Kolmogorov's result is presented in a formal manner. Next, Kolmogorov's ideas are used to lay down the statistical foundations of the approximation method.
1) The Kolmogorov Confidence Contours:
In formal terms, for a continuous random variable x let F (x) = P (X ≤ x) be its cumulative density function, or cdf. Also, let X 1 , X 2 , · · · , X n be a random sample of x and
be the corresponding empirical density function, or edf. In addition, let D n = sup | F (x) − S n (x) |, where sup stands for the supreme (least upper bound) of a set of ordinal-scale values. According to Glivenko [22] and Cantelli [23] 
i.e. as the size of the sample increases, the distance between the cdf and the edf tends toward zero.
A result obtained by Kolmogorov [18] , [19] in the 1930s not only shows that the statistic D n does not depend on F (x), but also states that the probability α of D n not exceeding an arbitrary value in the form of λ √ n is given by
Moreover, according to Walsh [20] and Connover [21] , when applied to discrete variables the values derived from Kolmogorov's work lead to a safely conservative estimate of
, which does not depend on the underlying cumulative density function (cdf).
In the course of time λ has been tabulated for different values of n (the sample size) and α (the level of confidence). As a result, if one takes k random observations of a continuous random variable x, where k is greater than 40, the probability that the distance between x's cdf and its edf is smaller than
2) The Basis of the Approximation Algorithm: If the random sample that is used to build an edf is comprised of the net present values (NPVs) of implementation sequences of subprojects, then the corresponding confidence interval bears a special meaning. When applied to the highest NPV in the sample, the confidence interval indicates how close to the actual absolute-maximum NPV that particular value is, in relative terms. See Baker [28] for an introduction to the financial meaning of the net present value.
For instance, consider a random sample containing 2,000 possible implementation sequences of a portfolio of IT projets, together with their respective NPVs. Also, let h be the highest NPV in that sample. In these circumstances, as the estimations are conservative
Because h is the highest value in the sample, S 2,000 (h) is necessarily 1. As a result,
As by definition F (h) cannot exceed 1,
Therefore, the probability that all the other NPVs in the set of all possible NPVs are smaller than or equal to h is 0.9727 in the worse case, with a level of confidence that equals or exceeds 95%. Hence, h may be considered a good approximation to the highest possible NPV, and the implementation sequence that has h as its NPV is the one to be followed during the development of the corresponding IT project. Note that if one is not satisfied with the results provided by a certain sample size, one may randomly increase the number of observations in the sample and improve the results until one is fully satisfied with them.
III. AN EXAMPLE As rightfully stated by Edmund Burke (1729-1797), the Irish philosopher, "Example is the school of mankind, and they will learn at no other."
As a result, the method proposed in this paper is introduced step-by-step with the support of an example inspired on real life, which describes the decision making process adopted by the Navy of a fictitious country and how they identify the best implementation order for a portfolio of IT projects. For the purpose of this paper this country is named The Barkov Republic 1 .
Step 1 -Context information: like many other government organizations throughout the world, the Barkovian Navy is required by law to provide a certain range of services to both the general public and companies doing business in the Barkov Republic. For example,
• Maritime vessel ownership registration -allows organizations and people to rightfully own maritime vessels, and buy, lease and sell them as a result; • Maritime vessel structural and personnel safety evaluation -ensures that maritime vessels are fit for navigation and able to be properly handled by qualified personnel; According to Milton Friedman, the laureate American economist, none of these services is free. All of them require investment and demand a constant flow of financial and non-financial resources to be properly maintained. Ultimately, it is the Barkovian taxpayers who have to settle the bill of those services [29] .
Nevertheless, as in many other nations in which free elections are held form time to time, the executive branch of the Barkovian Government is frequently under considerable pressure to provide a wide range of quality services within a tight budget [30] , [31] .
The scenario is no different for the Barkovian Navy, especially over the last decades in which the maritime business has been expanding in Barkov as a result of increasing oil exploitation and import and export of goods.
The more maritime business there is, the greater the demand for services from the Barkovian Navy. This is despite the fact that the Navy's discounted annual budget has remained almost unchanged over the same period.
In addition, in recent years the news media has reported an alarming number of high-profile incidents involving maritime vessels in Barkov, prompting the Barkovian Navy to take action. As a result, the Navy has been working hard on tightening up procedures that ensure the security of waterways, and vessel's structural safety and proper handling.
Among the actions that are scheduled to take place in the immediate future, the Barkovian Navy has decided to develop the portfolio of IT projects introduced in Table V .
Because maritime law covers many different aspects of commerce, including navigation, transportation of goods and passengers, and handling of hazardous items and livestock, it is extensive and complex [32] .
As a result maritime vessels can break the law in many different ways, including some that may pose serious risks for Navy personnel, such as weapons and explosives trafficking, inadequate handling of chemicals, failure to prevent the spread of contagious diseases, sheltering dangerous fugitives from justice, etc. [33] , [34] .
Nevertheless, it is largely accepted that these risks can be considerably reduced by requiring Navy personnel and vessel crew members to follow procedure when interacting with each other and the public. By avoiding the misinterpretation of unexpected behavior by crew members, these procedures help not only to prevent injuries, but also to avoid casualties in extreme cases [35] .
Consistent with these ideas, the NVA project aims at increasing Navy procedure and regulation awareness. This is accomplished by presenting direct and easy to understand answers to questions posed by the general public and maritime professionals, on a 24 / 7 basis.
In addition, the VLE project makes it easier to master the proper handling of maritime vessels in a large variety of different situations. It is expected that the VLE will help accredited navigation schools to deliver better prepared officers and sailors, by providing them with experience that otherwise could only be obtained at sea, at a much higher cost.
Moreover, by making maritime vessels identifiable at a distance with the help of the VIS project, the Barkovian Navy expects to make their owners more easily accountable for their proper use. This will reduce the use of unseaworthy maritime vessels, their handling by unqualified personnel and the improper use of restricted waters.
Finally, the EFS project allows maritime vessels to be penalized whenever they break the law and, in extreme circumstances, bans their use. Hence, it not only improves safety in Barkovian territorial waters, but it also helps to make maritime professionals more aware of the consequences of their wrongdoings.
Step 2 -Project planning overview: the Secretary of the Navy changes every four years at the most. Furthermore, the new secretary almost always re-evaluates the need for ongoing projects and the propriety of their ranked priorities. Therefore, it is advisable to run the projects in Table V within a specific makespan, or MkSp for short. In this circumstance MkSp refers to the time from the beginning of the development of a project until the point at which its final products are available for use.
Nevertheless, due to budget restrictions, only one project can be run at a time, and financial and nonfinancial resources have to be used efficiently.
Therefore, it might be the case that not every project in Table V is going to be run. So, a priority criteria should be devised to indicate the order in which those projects should be implemented.
The committee of senior officers who have been appointed to oversee the execution of the projects in Table V has decided to adopt the criteria presented in Table VI to prioritise those projects.
Step 3 -Evaluation criteria priorization: because all the criteria introduced in Table VI describe intangible benefits, the overseeing committee has decided to use Saaty's ideas on decision making [14] to prioritize the developments of the projects in Table V . The valuation matrix presented in Table VII captures the perception of the overseeing committee on the relative importance of each criterion.
Hence, according to the overseeing committee point of view PS is slightly less important than MS, and PT is moderately less important than MS. Also, PS and PT are equally important when compared to each other.
The normalized main eigenvector of the valuation matrix presented in Table VII Step 4 -Project performance: it should be noted that the projects in Table V are likely to perform differently when subjected to the different criteria established by the steering committee.
For example, while the EFS project may make an outstanding contribution to improve maritime safety and may gather considerable support from the general public, it is unlikely to add much to making naval procedures and regulations more open to public scrutiny.
As a result the committee decided to keep following Saaty's ideas on decision making and generate an index that combines the performance of each project in all criteria.
For a certain project P j , this is accomplished by a weighted relative importance index, or WRII(P j ), which is given by
where RII(C i ) is the relative importance index of criterion C i and RII Ci (P j ) is the relative importance index of project P j when subject to criterion C i . Tables VIII, IX and X capture the perception of the steering committee on the relative importance of the projects introduced in Table V when subject to the criteria presented in Table VI .
Table XI presents the WRII of the projects introduced introduced in Table V .
It is important to notice that according to the perception of the steering committee the benefits yielded by the EFS project as a whole surpasses the benefits yielded by any of the other projects introduced in Table V .
In this respect, the benefits yielded by the EFS project are respectively 6.0 = times more important than the benefits yielded by the VIS, VLE and NVA projects.
Step 5 -Project dependency relations: when dealing with a portfolio of IT projects it is not unusual that dependency relations are required to hold true among the projects in the portfolio. In this respect, Figure 1 introduces the dependency relations that are expected to hold true among the units in the Navy's portfolio of IT projects.
In the diagram presented in Figure 1 Begin and End are dummy projects, which require no capital investment and take no time to be run. They indicate respectively the beginning and end of the development of the IT projects introduced in Table V .
An arrow going from one project to another, e.g. VIS → EFS, indicates that the development of the former (VIS) must precede the development of the latter (EFS). In these circumstances, VIS is called a predecessor of EFS. It should be noted that predecessor is a transitive relation. Therefore, as VIS → EFS and EFS → End, then necessarily VIS → End. Frequently transitive relations are not made explicit in precedence diagrams in order to keep them simple.
Step 6 -Splitting up projects into subprojects: in order to reduce the complexity of dealing with the many tasks that make up large projects, modern project management principles advocate the splitting up of these projects into subprojects with high internal cohesion and loose coupling among themselves [36] . As a result, the projects presented in Table V have been  split up into the subprojects introduced in Tables XII,  XIII , XIV and XV. Step 7 -Subproject dependency relations: if an IT project is spilt up into sub-projects, it is frequently the case that some dependency relations are also required to hold true among these smaller project units. Figures 2 to 5 introduce the dependency relations that have to hold true among the subprojects in the Navy's portfolio of IT projects.
Observe that the subprojects in the diagrams introduced in Figures 2 to 5 have been assigned with percentages. In addition, some of the subprojects are presented with a gray background, while others are presented with a white background. The reason for this additional notation is included in the next two steps.
Step 8 -Subproject evaluation: in a similar way to their source projects, subprojects also perform differently when subjected to different criteria. For example, Tables XVI, XVII and XVIII show the evaluation of the subprojects comprising the NVA project when subjected to the criteria introduced in Knowledge base building -builds the knowledge base to be used by the Navy's virtual assistant to answer questions posed by the general public and maritime professionals NVA 3
Virtual assistant customization and deployment -configures the virtual assistance software with the view to fulfill Navy requirements and make it attractive to the general public
NVA monitoring -selects and hires a third party to monitor the NVA performance, making the necessary adjustments whenever they become necessary
Foreign language interaction -enables the virtual assistant to interact with its users in widely used foreign languages Ownership certificate module -issues upon request an ownership certificate that allows vessels to be bought, sold and leased
Vessel information module -gives authorities and the general public access to vessels' characteristics and ownership information using a variety of search fields, such as vessels' name, unique id code, owner name, etc.
VIS 6 VIS monitoring module -monitors system use, providing statistical reports upon request In this respect, the adjusted WRII of a subproject P i in regard to its source project P, or AWRII(P i ), is given by
The right column of Table XIX introduces the AWRII of each NVA subproject. The AWRII of the remaining subprojects in the Navy's portfolio are the percentages assigned to the subprojects in the diagrams introduced in Figures 2 to 5 . For example, according to the information presented in Figure 3 , the AWRII of the VLE 1 , VLE 2 and VLE 3 subprojects are respectively 1.6%, 2.1% and 5.4%.
Step 9 -Catalyst and non-catalyst subprojects: when dealing with software projects in the public sector one Figure 5 . Electronic fining system precedence diagram should be aware that not all subprojects are likely to be implemented. Moreover, in the general case, the set of subprojects that can be made available to end users within an allowed makespan may deliver no benefits at all [37] .
For example, consider the NVA project (see Table V ). Concede that only the subprojects NVA 1 (knowledge base building) and NVA 2 (virtual assistant customization) can be completed within the allowed makespan (see Table XII ).
Observe that the products delivered by these two subprojects do not allow users to interact with the Navy's virtual assistant. Therefore, by relying solely on NVA 1 and NVA 2 they cannot have their questions resolved with Mary Rose's help. As a result, NVA 1 → NVA 2 is just a "half-baked" computer system that, depite requiring capital investment to be built, delivers no benefits to its users.
However, if NAV 3 (virtual assistant deployment) can be completed within the allowed makespan, then interactions between Mary Rose and its users can take place (see Figure 2 ), and one can collect whatever intangible benefits are yielded by NAV 1 , NAV 2 and NAV 3 (see Table XIX ).
Subprojects like NAV 3 act as a catalyst, allowing the intangible benefits yielded by its predecessor and itself to be collected when they are completed. The catalyst subprojects in the Navy portfolio of IT projects are presented with a gray background in Figures 2 to 5 .
Note that End is always a catalyst subproject. Also, in those diagrams if a P 1 is a predecessor of catalyst subproject P 2 , then the intangible benefits yielded by P 1 can only be collected when P 2 is completed. However, if P 1 is not a predecessor of a catalyst subproject, then its benefits can be collected immediately after its completion.
Moreover, observe that the intangible benefits yielded by a project can only be fully appropriated if all its subprojects are implemented. If only a subset of its subprojects are run, then the appropriation of benefits is partial. For example, consider the following partial implementation S of the NVA project:
The amount of benefits that are appropriated by S is given by its AWRII(S), which is the sum of the AWRII of its components, i.e. Step 10 -Portfolio financial planning: No project can actually be run for free. One has to consider the finance of each subproject in the portfolio introduced in Table V before determining the order in which these subprojects are going to be developed.
Some projects in the public sector do improve tax collection, providing financial return on the investment they require. Others however have to rely solely on existing taxpayer's money from the very beginning of their development until the point at which their final product is replaced by a more suitable alternative. This period is often referred to as the project's window of opportunity.
Therefore, using the revenue generated by one project to fund the development of others not only reduces the need for capital investment, but also diminishes the financial risk every project is naturally exposed to [38] .
For example, the EFS project is certain to generate some revenue as a result of issuing electronic fines against law-breaking vessels. Nevertheless, the NVA project has to rely solely on taxpayer's money during its whole window of opportunity.
Note that if a project generates financial returns, so do some of its subprojects. Also, if a project does not generate any revenue, nor do its subprojects.
Therefore, if the development of the EFS subprojects precedes the development of the NVA subprojects, the revenue generated by the former may be used to fund the development of the latter.
Table XX presents the cash-flow elements of each subproject in the Navy's portfolio of IT projects in thousands of monetary units.
According to the information presented in Table XX , EFS 6 requires an initial investment of $15,000 (fifteen thousand monetary units), or $15K for short. Once its development is completed at the end of the first period, it provides a series of positive returns until the 24 th period, when the subproject as a whole becomes obsolete and has to be replaced by a new and more suitable tool. Subprojects that follow a similar path are called cash generating subprojects.
On the other hand, despite requiring a relatively small investment of $5K, NAV 1 does not provide any positive financial return throughout its life cycle. Subprojects that follow a similar path are called non cash generating subprojects.
It is a well established principle that one cannot perform financial mathematical operations without taking a discount rate into consideration. Therefore, in order to compare the financial value of different subprojects one has to consider their discounted cash-flow. The sum of all discounted cash-flow elements of a subproject is its net present value (NPV) [39] . Table XXI introduces the NPV of each subproject in the Navy's portfolio in accordance with the period in which it Instead, if EFS 6 is developed in the second period it yields an NPV of $1,115K, in the third it yields $1,037K and so forth. Clearly not every subproject can be developed in the first period. The dependency diagrams presented in Figures 1 to 5 illustrate this.
Moreover, the NPV of a particular implementation sequence is given by the NPV of its components. For example, consider that during the allowed makespan only the sequence S described in Step 6 is going to be implemented. In these circumstances,
where NPV t (P i ) is the NPV of subproject P i considering that its development starts in period t.
Step 11 -Capital investment, window of opportunity and allowed makespan identification: considering the pressure the Barkovian Navy is under to increase maritime safety, the steering committee has identified that the capital investment, window of opportunity and makespan to implement the subprojects presented in Tables XII,  XIII, Step 12 -The confidence contour, level of confidante and sample size selection: since the total number of subprojects in the Barkovian Navy's portfolio of IT projects is large (see Tables XII, XIII , XIV and XV), the number of possible implementation sequences is certain to be exponentially high.
In these circumstances one may find oneself a position in which it is not feasible to identify the best implementation sequence within a reasonable amount of time. Therefore, one has to resort to the use a random sample to identify a sequence that yields benefits that are close enough to the benefits yielded by the best possible sequence (see Section II-B in this respect). As a result, the steering committee decided to use a random sample containing 2,000 possible implementation sequences to identify such a sequence.
Let h be the highest AWRII that sample. According to the results presented in Section II-B, h may be considered a good approximation to the highest possible AWRII, and the sequence that has h as its AWRII can be safely chosen to implement the projects in Bakovian Navy's portfolio of IT projects.
Step 13 -Sampling the set of all possible implementations sequences: Table XXII presents a random sample of 2,000 possible implementation sequences for the Navy portfolio of IT projects that comply with the allowed portfolio makespan, window of opportunity and CI.
Step 14 -Performance indicators: since the decision making process presented in the next step rely on performance indicators, the AWRII, ROI, CI and MkSp of each possible implementation sequence have been added to the data presented in Table XXII . It might be relevant mention that the ROI of a sequence S is given by the ratio between its NPV and CI, i.e. ROI(S) = NPV(S) CI(S) . See [39] for a discussion of financial performance indicators, which includes ROI.
Note that the sequences in Table XXII have been ranked firstly by their required AWRII and secondly by their respective ROI.
Step 15 -Choosing the best implementation sequence: any implementation sequence presented in Table XXII could be selected to partly implement the Navy portfolio of IT projects. However, the highest ranked, along with those sequences that bear the same AWRII, are those that yield the highest benefit from intangibles considering the CI available.
Moreover, the AWRII of 97.27% of all possible implementation sequences that comply with the CI, MkSp and window of opportunity established by the Navy are smaller than or equal to the AWRII of the topmost sequence. See Section II-B.
Among the sequences that share the highest AWRII, the logical choice to implement the Navy portfolio of IT projects is the one that yields the highest ROI. If two or more sequences yield the same ROI, any of them can be safely chosen. In these circumstances, the committee of senior officers has chosen the highest ranked sequence in Table XXII to partly implement the Navy portfolio of IT projects.
Alternatively, decision makers can use other financial performance indicators (such as payback time, point of break even, internal rate of return, etc.) to refine the selection criteria even further. See [39] for an introduction to the use of these financial performance indicators.
IV. THE METHOD
Based on the ideas presented in Section III, government bodies, organizations and agencies are expected to benefit from taking the following steps: 1) Select a portfolio of IT projects that could be run; 2) Establish the appropriate evaluation criteria to which each project is going to be subjected; 3) Use Saaty's valuation matrix to prioritize the evaluation criteria, i.e. to find out the RII of each criterion; 4) Evaluate the WRII of each project; 5) Identify the dependency relations that are expected to hold true among the projects in the portfolio of IT projects; 6) Partition each project in the portfolio into smaller subprojects to facilitate understanding, planning and maintenance; 7) Capture the dependency relations that hold true among the subprojects; 8) Calculate the AWRII of each subproject; 9) Identify the catalyst and non-catalyst subprojects; 10) Estimate the cost of developing each subproject, together with the returns they are expected to provide; 11) Identify the available capital investment, the window of opportunity and the allowed makespan; 12) Select the appropriate confidence contour size, level of confidence and sample size; 13) Take a random sample of adequate size from the set of all possible implementation sequences; 14) Calculate the AWRII, ROI, CI and MkSp of each possible implementation sequence in that sample; 15) Identify the affordable implementation sequence that provides the highest AWRII within the allowed makespan. If more than one sequence satisfies this condition, select the one that provides the highest ROI;
V. RELATED WORK AND DISCUSSION
In the last decade many meritorious proposals have been made to advance the coverage and accuracy of IT evaluation methods in the public sector.
For instance, Over [40] suggests the adoption of an IT investment management model to more easily identify where IT investments should be made and how these investments can be appraised, compared and controlled.
Raus et al. [41] introduces an IT investment appraisal framework that brings together the value-creation per-spectives of both the public and private sectors. The framework acknowledges the needs and requirements of several stakeholders, facilitating the assessment of IT innovations.
Neuroni et al. [42] argue that the use of real options theory can better capture the flexibility built into IT projects in the public sector. Consistent with this view, the authors present a real option model that can be used to evaluate e-government initiatives. The model takes into account the perspectives of different stakeholders and various aspects of cost and value creation.
Srivastava [43] suggests the use of a framework that brings together eight areas in which IT can provide a positive impact on government initiatives. The framework lays down a basis for analysing e-government projects and assessing their respective return on investment.
Guclu and Bilgen [44] recommend the use of a model that amalgamates public value, strategic goals, the service delivery value chain, performance indicators, continuous monitoring, constant evaluation, and asset management concepts. According to the authors, the model can be used to appraise more easily the effectiveness of investments being made in the development of government information systems.
A review of the existing literature on return on investments made in IT in the public sector, and of general approaches to the measurement of such returns is presented in [45] .
Although IT investment is often comprised of one or more projects, none of the proposals presented so far take into account that these projects are often divided into smaller subprojects. Also, the number of subprojects tends to be quite considerable, making it difficult to consider all possible implementation sequences [46] .
By not taking into account these particular aspects of IT investments, they have failed to acknowledge that the order in which these subprojects are implemented can have a positive effect on the value of IT investments [47] . Moreover, in the general case, approximation methods have to be used to select the best possible implementation sequence [48] .
Furthermore, these proposals fall short of fully combining both the tangible and the intangibles aspects of investments made in IT. Therefore, they make it hard to appropriate intangible benefits with less capital investment. Finally, they tend to ignore either the investment's makespan or window of opportunity, or even both.
Nevertheless, there is an exception worth mentioning. Alencar et al. [49] put forward a proposal that do take into consideration the tangible and the intangibles aspects of IT investments. Also, that proposal takes into account that the order in which subprojects are implemented can change the value of the investments made in IT.
However, if the project makespan is short, Alencar et al. (op. cit.) allow the selection of implementation sequences that not necessarily yield any benefit to the general public. See Step 9 of Section III for further discussion on this subject. Moreover, the method presented by Alencar et al. (op. cit.) cannot easily cope with portfolios containing large numbers of subprojects, as the complexity of the sequencing algorithm they use grows exponentially with the that number.
VI. CONCLUSIONS
These days IT exerts an important influence on the application of taxpayers' money in democratic nations. By making information more easily accessible and widely available, IT enables more transparency and accountability in respect to public actions and policy making. Moreover, IT makes it easier for governments to be in touch with people's wishes and desires [50] .
Nevertheless, there are many significant differences between public and private sector organizations in terms of their structuring and governance, the part played by intangibles in decision making being one of the most important. Since projects in the public sector do not generally aim to make a profit, the intangible benefits yielded by these projects tend to be at the core of the government decision making process [10] .
This paper presents a method that allows the financial aspects of IT projects in the public sector to be properly weighed against the intangible benefits they provide. As a result, government officials can take advantage of the intangibles that are provided by IT projects more efficiently, without losing sight of the financial aspects of initiatives that are run at the taxpayer's expense.
Moreover, the method helps to reduce the capital required to run IT projects in the public sector, as it prompts decisions makers to use the revenue yielded by tax-generating projects to fund the development of others.
